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III -NITRIDE COMPOUND SEMICONDUCTOR LIGHT EMITTING DEVICE 

[Technical Field] 

The present invention relates to a III -nitride semiconductor 
5 light-emittmg device, and more particularly, to a III -nitride semiconductor 
light-emitting device h aving h igh external q uantum efficiency. The III -nitride 
compound semiconductor refers to a semiconductor of an Al(x)In(y)Ga{1-y)N 
type but may include semiconductors formed using elements of different 
groups such as SiC, SiN and SIGN or elements themselves. 

10 

[Background Art] 

A variety of attempts have been made to improve external quantum 
efficiency of a light-emitting device. Among them, methods for roughening an 
exposed surface of a light-emitting device have been presented. 
15. U.S. Patent No.6,504,180 related to a GaAs based light-emitting device 

discloses a technology wherein at. least some of an exposed surface of a 
light-emitting device is roughened so as to Improve extemal quantum efficiency. ► 
The reason why a desired portion of the exposed surface of the GaAs based 
light-emitting device can be made rough freely is that GaAs has the material 
20 property in which it can be easily machined. 

However, a GaN b ased light-emitting device has lots of limitations in 
machining an exposed surface unWke a GaAs based light-emitting device. 
These limitations may include that it is difficult to machine an n-type layer since 
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a substrate such as sapphire is provided In the n-type layer, growth of a thick 
p-type GaN layer results In an increase in crystalline defects even though the 
thick p-type GaN layer is required for machining, etc. It Is therefore difficult to 
apply such a technology applied to the GaAs based light-emitting device to the 
5 GaN based light-emitting device without hard work. In order to improve 
external quantum efficiency by roughening the exposed surface of the GaN 
based light-emitting device, it will need an approach based on understanding of 
the GaN based light-emitting device itself. Furthermore, according to U.S. 
Patent No.6.504,180, polystyrene spheres are used as a mask in order to 
10 make an exposed surface rough. It is, however, difficult to apply an etching 
technology, which uses polystyrene spheres as a mask, to the GaN based 
light-emitting device. 

U.S. Patent No.6,441.403 regarding the GaN based light-emitting 
device discloses a light-emitting device in which a roughened surface is formed 
15 on a p-type AI(x)Ga(y)ln(1-x-y)N layer epitaxially grown on an active layer or an 
n-type AI(x)Ga(y)ln(1-x-y)N layer epitaxially grown on an active layer. Such a 
structure shows that it is difficult to form a roughened surface on an n-type 
AI(x)Ga(y)ln(1-x-y)N layer In a conventional light-emitting device structure in 
which the n-type AI(x)Ga(y)ln(1-x-y)N layer Is located below an active layer. 

20 

[Disclosure] 
[Technical Problem] 

Accordingly, the present invention has been made in view of the above 
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problems, and it is an object of the present invention to provide a III -nitride 
compound semiconductor light-emitting device that can increase external 
quantum efficiency in a conventional light-emitting device structure in which an 
n-type AI(x)Ga(y)in(1-x-y)N layer is located below an active layer. 
5 Another object of the present invention is to provide a III -nitride 

compound semiconductor light-emitting device which can increase external 
quantum efficiency while talcing notice of room spaces for the purpose of a 
scribing and breaking process in which light-emitting device Is scribed and 
broken, which located around the light portion of chip. 
10 [Technical Solution] 

To achieve the above objects, according to the present Invention, there 
is provided a Hi -nitride compound semiconductor light-emitting device having a 
plurality of III -nitride compound semiconductor layers that are epitaxially grown 
using a substrate, wherein the plurality of III -nitride compound semiconductor 

15 layers include an active layer generating light by recombination of electrons 
and holes and containing gallium and nitrogen, an n-type AI(x)ln(y)Ga(1-x-y)N 
layer epitaxially grown before the active layer is grown, and an n-type electrode 
electrically contacting with the n-type AI(x)ln(y)Ga(1-x-y)N layer, and wherein 
the n-type AI(x)ln(y)Ga(1-x-y)N layer has a surface which is exposed by 

20 etching and includes a region for scribing and breaking the device and a region 
for contact with the n-type electrode, and the surface of the region for scribing 
and breaking the device is roughened. 

Meanwhile, the present invention does not exclude out that an exposed 
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surface at the region for contact with n-type electrode is roughened through an 
additional etching process. 
[Advantageous Effects] 

In the present invention, by taking notice of an exposed surface of an 

5 n-type AI(x)ln(y)Ga(1-x-y)N layer to which attention has not yet been paid in a 
GaN based light-emitting device, a roughened surface is formed on the 
exposed surface. It is therefore possible to increase external quantum 
efficiency of the light-emitting device. 

Furthermore, a roughened surface can be formed in an etching 

10 process for forming an n-type electrode. Therefore, the present invention has 
an advantageous effect in that external quantum efficiency of a light-emitting 
device is increased without changing the structure of a GaN based 
light-emitting device or the need for an additional complex process. 

15 [Description of Drawings] 

Fig. 1 is a cross-sectional view of a nitride semiconductor light-emitting 
device according to a first embodiment of the present invention; 

Fig. 2 is a plan view of the light-emitting device shown in Fig. 1; 
Fig. 3 is a conceptual view showing that light escapes outwardly by 
2 0 means of protrusions 54; 

Fig. 4 shows an electron microscope photograph of a roughened 
surface fomned according to the present invention; 

Fig. 5 is a graph showing the relationship between the current applied 

4 
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and the brightness in a prior art and the present invention; 

Fig. 6 is a cross-sectional view showing a nitride semiconductor 
light-emitting device according to a second embodiment of the present 
invention; 

5 Fig. 7 is a pian view of the light-emitting device shown in Fig. 6; 

Fig. 8 is a view showing the principle of photoelectrochemical etching ' 
that occurs at a portion where a n-type AI(x)ln(y)Ga(1-x-y)N layer 31 and an 
etching solution 41 are in contact with each other; 

Fig. 9 and Fig. 10 are AFM (Atomic Force IVIicroscope) photographs of 
10 a roughened surface formed according to the present invention; 

Fig. 11 is a graph showing the relationship between the current applied 
and brightness in a prior art and the present invention; 

Fig. 12 is a cross-sectional view of a nitride semiconductor 
light-emitting device according to a tliird embodiment of the present invention; 

Fig. 13 is a plan view of the light-emitting device shown in Fig. 12; 

Fig. 14 shows a modified example of the third embodiment; and 

Fig. 15 is a graph showing the relationship between the current applied 
and brightness in a prior art and the present invention. 



20 [IVIode for Invention] 
Example 1 

Fig. 1 is a cross-sectional view of a nitride semiconductor light-emitting 
device according to a first embodiment of the present invention. Fig. 2 is a 

5 
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plan view of the light-emitting device shown in Fig. 1. 

Refening to Fig. 1, the light-emitting device Includes a substrate 20, a 
buffer layer 30 epitaxialiy grovim on the substrate 20, an n-type 
AI(x)ln(y)Ga(1-x-y)N layer 31 epitaxialiy grown on the buffer layer 30. an active 
5 layer 33 epitaxialiy grown on the n-type AI(x)ln(y)Ga(1-x-y)N layer 31 , a p-type 
AI(a)in(b)Ga(1-a-b)N layer 35 epitaxialiy grown on the active layer 33. a p-type 
electrode 51 and a p-type bonding pad 53 that electrically contact with the 
p-type AI(a)ln(b)Ga(1-a-b)N layer 35. and an n-type electrode 52 that 
electrically contacts with the n-type AI(x)ln(y)Ga(1-x-y)N layer 31. Also, 

10 protrusions 54 are formed on an exposed surface of the n-type 
Ai(x)ln(y)Ga(1-x-y)N layer 31. 

The present Invention can be applied to light-emitting devices having a 
variety of epitaxial stmctures. Fig. 1 shows the llght-emitUng device of an 
epitaxial structure In which an n-type AI(x1)ln(y1)Ga(1-x1-y1)N clad layer 32 Is 

15 located between the n-type AI(x)ln(y)Ga(1-x-y)N layer 31 and the active layer 
33 and a p-type AI(a1)ln(b1)Ga(1-a1-b1)N clad layer 34 Is located between the 
active layer 33 and the p-type AI(a)ln(b)Ga(1-a-b)N layer 35. 

it is. however, to be noted that the present invention Is not limited to the 
above-mentioned epitaxial structure but can be applied to any kind of a 

20 Ill-nitride compound semiconductor light-emitting device having the n-type 

AI(x)ln(y)Ga(1-x-y)N layer 31, which is located below an active layer and 

serves as an electrical contact layer of the n-type electrode 52. It Is preferred 

that the n-type AI(x)ln(y)Ga(1-x-y)N layer 31 is formed using GaN. The layer 

6 
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31 may be a multi-layer made of 

AI(a2)ln(b2)Ga(1-a2-b2)N/AI(a3)ln(b3)Ga(1-a3-b3)N or an n-type contact layer 
of a superlattice structure. 

If the light-emitting device is completed, a scribing/breaking process is 

5 performed In o rder to p ackage the light-emitting device. For the p urpose of 
the scribing/breaking process, room space of about 40 to 60fm is needed 
between neighboring devices. This room space is intended only for a process 
margin without any special reason. In the present invention, the protrusions 
54 are formed in this room space. 

10 The size of each of the protrusions 54 is not limited to a specified range 

but greater than 1/4 of the peak wavelength of light generated from the 
light-emitting device. The higher the density of the surface protrusions 54 
becomes, the greater the amount of the photons that escape from the device 
becomes. 

15 Fig. 3 is a conceptual view showing that light escapes outwardly by 

means of the protrusions 54. It can be seen from Fig. 3 that light generated 
from the active layer 33 escapes outwardly effectively since protrusions and 
depressions are formed in edge portion other than light-emitting portion of the 
light-emitting device. 

20 If the protrusions 54 are formed in the room space at the edge portion 

of a chip through a photolithography process, the size and density of the 

protrusions are limited due to the limitation of the pattern size formed on a 

mask used in the photolithography process. 

7 
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In order to overcome such limitation, according to the present invention, 

the mask pattern Is not formed by means of the photolithography process, but 

the protrusions 54 are formed by dry-etching the n -type AI(x)ln(y)Ga(1-x-y)N 

layer 31 using etching residues generated automatically upon the etching of the 

5 n-type Al{x)ln(y)Ga(1-x-y)N layer 31 as a mask pattern. 

The dry etching process usually employs plasma. The dry etching 

process can be performed only In a physically manner and can be perfonmed 

with the help of a chemical reaction. For example, in case of reactive ion 

etching, ions having high energy take off a material to be etched and are 

10 chemically bonded with particles taken off from the material at the same time, 

so that etching is performed. At this time, the particles taken off from the 

materia! while being chemically bonded with the ions become etching residues. 

The etching residues may exist in the gas or solid state depending on a 

material that Is removed and may be different In characteristic that is removed 

15 depending on the pressure of a vacuum chamber in which a process is 

perfonmed. That is, If the pressure of the vacuum chamber is low, the exhaust 

Is perfonmed easily since the mean free path of the etching residues is long. If 

the pressure of the vacuum chamber is high, the etching residues remain on 

the etched surface because the mean free path of the etch residues is short. 

20 The etching residues remaining on the etched surface serve as an etch mask. 

The roughness of the etched surface becomes thus great. 

Fig. 4 shows an electron microscope photograph of a roughened 

surface formed according to the present invention. From Fig. 4, it can be seen 

8 
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that the protrusions 54 have approximately a conical shape. The diameter of 
the bottom of the conical shape may be in the range of 1nm to lOfm and the 
height of the conical shape may be In the range of 1nm to ^Ofm. 

Fig. 5 is a graph showing the relationship between the current applied 
and brightness in a prior art and the present invention. From Fig. 5. it can be 
seen that brightness of the present invention Is higher about 20% to 25% than 
that of the prior art. even though it has a little difference depending on the 
roughness of the surface. 



10 Example 2 

Fig. 6 is a cross-sectional view showing a nitride semiconductor 
light-emitting device according to a second embodiment of the present 
invention. Fig. 7 is a plan view of the light-emitting device shown in Fig. 6. A 
roughened surface 54B In Fig. 6 is formed by means of photoelectrochemical 

15 etching. 

Fig. 8 is a view showing the principle of photoelectrochemical etching 
that is generated at a portion where the n-type AI(x)In(y)Ga(1-x-y)N layer 31 
and an etch solution 41 contact with each other. 

When an ultraviolet ray 40 is inradiated to the n-type 
20 AI(x)ln(y)Ga(1-x-y)N layer 31. electrons and holes are formed on the surface of 
the n-type AI(x)In(y)Ga(1-x-y)N layer 31 by means of exitation energy. The 
electrons (e) formed move into the semiconductor and the holes (h) move to 
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the surface of the semiconductor. 

If the n-type AI(x)ln(y)Ga(1-x-y)N layer 31 Is GaN, the holes (h) that 

moved to the surface of the semiconductor are combined with GaN to separate 

gallium (Ga) molecules and nitrogen (N) molecules, thus causing etching. 

5 The principle of etching to which the holes (h) contribute can be expressed as 

follows; 2GaN + 6H* — > 2Ga^* + N2. DC power applied at this time helps 

movement of the holes (h) to make the etch rate fast. 

Jf lattice defects exist, the etch rate is accelerated. The GaN 

semiconductor usually has the lattice defect density from IxlO^cm"^ to 

10 1x10^°cm^^. Therefore, If the above-mentioned p hotoelectrochemical etching 

Is performed, the surface of the semiconductor is etched In-egularly, forming a 

roughened surface. 

Fig. 9 is the AFM photograph after etching is performed using a KOH 

solution being KOH:DI (delonized water) = 500g : 1500cc as an etching 

15 solution 41 for 2 minutes. It can be seen that the etch rate rises as the 

amount of KOH rises. An rms (root mean square) value as the surface 

roughness is about 7nm. 

Fig. 10 is an AFM photograph after etching is performed for 9 minutes. 

An rms value as the surface roughness is about 500nm. Therefore, It can be 

20 seen that the surface ununformlty increases as the etch time increases. 

Accordingly, the amount of extracted light increases. 

Fig. 1 1 is a graph showing the relationship between the current applied 

and brightness in a prior art and the present invention. From Fig. 1 1, It can be 

10 
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seen that brightness of the present Invention is higher about 30 to 60% than 
the prior art. even though It has a ilttle difference depending on the size and 
shape of a protrusion portion 54B. 

Besides KOH, ammonia, and hydrochloric acid, etc. is used in the 
5 photoelectrochemical etching as an etching solution. 

Example 3 

Fig. 12 is a cross-sectional view of a nitride semiconductor 
light-emitting device according to a third embodiment of the present Invention. 

10 Fig. 13 is a plan view of the iight-emitting device shown in Fig. 12. 
Roughened surface 54C in Fig. 12 is formed by surface gratings. 

The shape of the surface grating 54C fomied using a mask pattern can 
be hexagonal, square, triangular or the lii<e and a combination of 2 or 2 or more 
of them. Each of the surface gratings may have a predetemilned size. 

15 In order to maximize the density of the surface gratings 54C. it is 

prefenred that the shape of the surface grating 54C is hexagonal. Also, it Is 
prefen-ed that the surface area of the surface grating is In the range of 1 .5m^ to 
W and the height of the surface grating Is in the range of 0.5m to ^.5^m. 
The portion in which the surface gratings 54C are formed is the edge region 

20 other than the region which is the light-emitting portion of the device and the 
region for contact with the n-type electrode 52. 

Typically, in order to fabricate a light-emitting device, both the p-type 
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AI(a)ln(b)Ga(1-a-b)N layer 35 and the active layer 33 and some of the n-type 
AI(x)ln(y)Ga(1-x-y)N layer 31 are elfmlnated. Then, an n-type electrode is 
formed on the n-type A l(x)ln(y)Ga(1-x-y)N layer 31. At this time, a dry etch 
process is used as a process for eliminating several layers. 

5 According to the present invention, the region for the surface gratings 

54C is formed in the region other than the light-emitHng portion of the device. 
Accordingly, there is an advantage in that such roughened surface is formed 
simultaneously when the device is etched by means of a dry etch from the 
p-type Al(a)ln(b)Ga(1-a-b)N layer 35 to some of the n-type AI(x)ln(y)Ga(1-x-y)N 

10 layer 31. 

The surface gratings 54C are formed at the same time in the etching 
process that is inevitable in a device process. Therefore, it is not required to 
fabricate an additional photolithography process masi<. Also, an additional 
process of forming surface gratings is not necessary. Resultantly, there is an 
15 advantage in that additional process time is not required as compared to a 
typical device. Of all things, there is an advantage in that the surface area of 
a device can be employed in an efficient manner. 

Fig. 14 shows a modified example of the third embodiment. After a 
region to which an n-type electrode 52 will be bonded is subjected to dry 
20 etching, the n-type AI(x)ln(y)Ga(1-x-y)N layer 31 experiences dry etching again, 
thereby forming surface gratings 54D, 

Fig. 15 is a graph showing the relationship between the current applied 
and brightness in a prior art and the present invention. From Fig. 15, it can be 

12 
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seen that brightness of the present Invention is higher about 10 to 15% than 
the prior art although it has a little difference depending on the size and shape 
of the protrusion portions 54D. 
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